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Abstract 
A s  thrust levels increase and as  rocket engines fire for longer 
periods of time, the difficulties encountered in the protection of 
critic::l components from the effects o f  excessively high temperatures 
greatly increase. To protect these components a series of filled 
elastomeric composites have been evaluated. A brief discussion is 
presented of the problems o f  hot gas recirculation, radiation, and 
base plane heating with particular reference to large, clustered, 
liquid propellant rocket engines. The effect on components is dis- 
cussed and an evaluation of a series of insulators based on filled 
elastomeric composites is presented. The evaluations are based on 
specialized thermal tests which were designed to simulate as far as 
possible, conditions during flight. The most promising of these 
elastomeric composites are compared to three alternative insulative 
systems, a filled, castable ceramic, a metal foil-silica fiber 
batting, and an asbestos-inconel wire mesh composite, in terms o 
weight, cost, and ease of fabrication and repair.* 
/--" -- 
*Work described in this material was performed 0. NASW-16 - 
under the technical direction of George C .  Marshall, Sp&e =Center. 
. .* 
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The size of liquid propellant rocket engines has grown enormously in the 
past few years. In addition, these engines are now being clustered to de- 
velop even more power. F-l engines, clustered in a group of five for the 
Saturn V Booster, will develop a total of 7,500,000 pounds of thrust. Asso- 
ciated with the increase in boost power is an increase in time of flight, as 
well as problems in protecting components from excessive temperatures. 
The environment to which areas of the engine and its components will be sub- 
jected incorporates both radiant and convective heat flux. 
heat flux vary over the entire flight time. Figure 1 shows the calculated 
variation in radiant and convective heat flux at the surface of an insulated 
fluid control valve well away from the exhaust jet as a function of flight 
time. 
because of luminous carbon particles contained in it, gas temperature and 
surface temperature rise markedly toward the nozzle exit. The most stringent 
conditions are obtained at the exit of the extension skirt, where reinforcing 
bands (hatbands) must provide structural stability. An estimated temperature 
profile €or the lowest of these bands shielded and unshielded is shown in 
Fig. 2. 
Both types of 
Since the emissivity of  the exhaust plume is high (approximately 0 . 8 0 ) ,  
Since the booster, during the latter portions of flight will operate above 
the bulk of the earth’s atmosphere (above 40,000 feet), the exhaust gases will 
tend to blow back into the engine compartment. 
occurs at approximately 80 seconds of flight time (Fig. 3) at an altitude of 
40,000 feet. At this altitude the pressure of the exhaust gases at the nozzle 
exit exceeds the ambient air pressure, and the gases are free to expand in all 
directions, including back into the missile boat-tail, resulting in gas 
This recirculation of gases 
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Figure 1.  Expected Surface Heat Flux for a Bearing Coolant Control 
Valve Insulated with F o i l  Batting 
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temperatures up to 2500 F around all components of the engine, even though 
they are quite distant (over 17 feet) from the nozzle exit plane. 
circulation causes the abrupt increase in convective flux after 80 seconds 
depicted in Fig. 1. 
This re- 
Radiant flux also varies over the flight time (Fig. 4). 
of radiation of the plume drops from 120 btu/ft 
10 btu/ft 
gradually. 
the surface of components and increase their absorptivity. 
Although the level 
2 sec at ignition to about 
sec at cutoff, the effect of this radiation is diminished less 2 
The carbon particles contained in the exhaust jet may deposit on 
All areas of the F-1 engine require some type of thermal protection. For 
most of the areas of the engine an inconel foil-high silica fiber batting 
seems adequate. 
thickness, has an upper temperature limit of 2000 F, and thermal conductivity 
on the order of .03 to 0.75 btu-ft,/ft -hr-F. Because of extreme temperatures 
in some areas, however, the inconel foil-high silica fiber batting cannot be 
used and recourse must be made to one of three alternative systems. A cast- 
able ceramic has been developed which shows high temperature (above 1700 F) 
capability, good vibration resistance compared to other ceramics (when rein- 
forced with wire mesh), and fairly low density. An asbestos wire-mesh com- 
posite has been considered as a means of lowering fabrication costs. These 
materials are compared to a typical high performance epoxy-polyamide, castable 
ablative in Table I. 
2 This composite has a low density, 0.47 lbs/ft at .375 
2 
Because drawbacks occur in any system of temperature control, ablatives have 
been considered only for areas in which there are marked advantages because 
of weight reduction, vibration resistance, or extreme ease of fabrication 
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compared t o  t h e  other  systems. The a r e a s  which a r e  p a r t i c u l a r l y  r e c e p t i v e  
t o  a b l a t i v e  cool ing  a r e  t h e  suppor t  members f o r ,  and the  e x t e r i o r  o f ,  t h e  
ex tens ion  s k i r t ,  the t u r b i n e  exhaust  d u c t ,  and the  hatbands sur rounding  t h e  
t h r u s t  chamber and the  ex tens ion  s k i r t ,  and t h e  e l e c t r i c a l  harnesses .  These 
a r e a s  (Fig.  5 )  a re  a l l  i a i r l y  c l o s e  t o  t h e  nozz le  e x i t  plane and s e e  h igh  
convec t ive  and r a d i a n t  hea t  f l u x e s .  The e l e c t r i c a l  ha rnesses ,  which must 
move du r ing  f l i g h t  because o f  engine gimbal ing,  and must suppor t  t h e i r  own 
weight while  sub-jected t o  high " g "  l oad ings ,  are p a r t i c u l a r l y  r e c e p t i v e  t o  
a b l a t i v e  e las tomcrs .  
The a b l a t i v e  m a t e r i a l s  cons idered  have been mainly room o r  low temperature  
cu r ing  epoxies  and s i l i c o n e s .  Tes t ed  a l s o  were an  a i r  cu r ing  polyure thane ,  
low temperature  cur ing polyure thanes ,  and a f l e x i b l e  phenol ic  a s b e s t o s  com- 
p o s i t i o n .  The bulk  of t he  materials t e s t e d  a r e  p r o p r i e t a r y ,  b u t  formula- 
t i o n s  were dev i sed  by Rocketdyne t o  t e s t  t h e  e f f e c t  of  v a r i o u s  f i l l e r s .  
Rocketdyne has  employed t h r e e  t e s t s  f o r  s c reen ing  t h e s e  m a t e r i a l s .  Each 
t e s t  w a s  u t i l i z e d  with a d e f i n i t e  a p p l i c a t i o n  i n  mind, and a l l  w e r e  modif ied 
t o  g a i n  t h e  g r e a t e s t  amount of reproducib le  data. I n i t i a l l y ,  it was dec ided  
t o  employ a s t anda rd  t e s t ,  r ep roduc ib le  industry-wide, f o r  which t h e r e  was a 
known, a v a i l a b l e ,  s p e c i f i c a t i o n .  T h i s  t e s t ,  it w a s  hoped, would make t h e  
data determined by Rocketdyne comparable t o  t h a t  d i sseminated  by o t h e r  agen- 
c i e s ,  t he reby  reducing t h e  t e s t  load.  The t o r c h  t e s t  desc r ibed  i n  B W P S  
OS9163 s p e c i f i c a t i o n ,  however, seemed t o  r e v e a l  two drawbacks. The f l u x ,  
measured t o  Rocketdyne's water  cooled ca lo r ime te r  w a s  194 b t u / f t  
much h ighcr  f l u x  than t h a t  a n t i c i p a t e d  around components of t h e  engine.  
ondly,  t h e r e  was some q u e s t i o n  as t o  what t h e  a c t u a l  back-face temperature  w a s ,  
2 s e c ;  a 
Sec- 
In 
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s i n c e  t h e r e  w a s  an apprec i ab le  amount of hea t  absorbed by t h e  s t e e l  backing 
p l a t e  and,  consequently,  a de l ay  i n  t h e  temperature r i s e .  F igu re  6 shows 
t h e  r e s u l t s  of a s e r i e s  of t e s t s  conducted by t h i s  method. 
A n a t u r a l  gas-oxygen t o r c h  with a 4-inch ex tens ion  w a s  employed i n  the  l a t e r  
t e s t s .  The specimens were molded t o  2-inch diameter d i s k s ,  of va ry ing  thick-  
nes ses  and mounted v e r t i c a l l y  i n  t r a n s i t e  guard s h e e t s  ( F i g  7 shows a sample 
i n  p o s i t i o n  ready f o r  t e s t ) .  I n  some c a s e s  a room temperature  vu lcan iz ing  
s i l i c o n e  adhesive was used t o  s ecu re  t h e  sample i n  t h e  guard s h e e t  when an 
i n t e r f e r e n c e  f i t  was not  s u f f i c i e n t .  
10 p e r c e n t  rhodium thermocouple w a s  p l aced  a t  t h e  back f a c e  of t h e  specimen. 
The t o r c h  f lowra te  w a s  a d j u s t e d  t o  120 cu f t / h r  oxygen f low and 55 cu f t / h r  
gas f low,  and t h e  t o r c h  was brought t o  a d i s t a n c e  (5-1/2 inches )  from t h e  
specimen which would r e s u l t  i n  a f l u x  of 50 b tu / f t2 /h r  of convect ive f l u x  
t o  a c o l d  w a l l  c a lo r ime te r .  The sample w a s  t e s t e d  a t  t h i s  f l u x  u n t i l  f a i l -  
u r e ,  o r  u n t i l  a s i g n i f i c a n t  r i s e  i n  back-f ace temperature  occurred. F a i l -  
ure  was u s u a l l y  i n d i c a t e d  by t h e  sample d i s i n t e g r a t i n g  a t  t h e  c e n t e r  under 
t h e  s l i g h t  l oad  of t h e  s p r i n g  loaded thermocouple. 
f a c e  temperature  rise f o r  a number of m a t e r i a l s  t e s t e d  i n  t h i s  manner. 
A spring-loaded, platinum/platinum- 
F igure  8 shows t h e  back- 
T h i s  t e s t  w a s  also modified t o  s imulate  t h e  a c t u a l  changes i n  f l u x  and tem- 
p e r a t u r e  which an  i n s u l a t o r  might experience du r ing  f l i g h t .  
h e a t  f l u x  w a s  v a r i e d  over t h e  t e s t  time p e r i o d  by changing t h e  t o r c h  t o  
specimen d i s t a n c e .  The t e s t  s e t u p  i s  shown i n  F ig .  9 ,  t h e  h e a t  f l u x  range 
and f ron t - f ace  temperatures a r e  shown i n  Fig.  10, and t h e  r e s u l t s  of t h e s e  
t e s t s  are shown i n F i g .  11. 
The a v a i l a b l e  
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The f i n a l  method of t e s t i n g  t h e s e  m a t e r i a l s  f o r  thermal p r o p e r t i e s  w a s  - to  
impose high r a d i a n t  h e a t  f l u x e s  on them. The f ron t - f ace  temperature ,  i n t e r -  
mediate temperature ,  and back-face temperature of a sample was measured while 
t h e  sample w a s  s u b j e c t e d  t o  a r a d i a n t  h e a t  f l u x  of 50 b t u / f t  /sec f o r  150 
seconds o r  u n t i l  f a i l u r e .  
t h e  t e s t  environment f o r  comparison wi th  t h e  convect ive t e s t s .  
2 
2 F i f t y  b t u / f t  /sec  f o r  150 seconds w a s  chosen as 
An oven composed of twenty-five 12-inch, 2000 w a t t ,  quartz-tube in f r a - r ed  
lamps, having a power d e n s i t y  of 98 k i l o w a t t s  p e r  square f o o t  when o p e r a t i n g  
a t  a r a t e d  v o l t a g e  of 240 V was used t o  provide the hea t .  Temperatures were 
monitored a t  t h e  back f ace  of t h e  a b l a t i v e  m a t e r i a l  (ablative-aluminum p l a t e  
i n t e r f a c e )  and i n t e r n a l l y  h a l f  way between t h e  f r o n t  f a c e  and t h e  back f a c e  
by i r o n  cons t an tan  thermocouples connected t o  a 150 I? r e fe rence  hot  j u n c t i o n  
and a m i l l i v o l t  s t r i p  c h a r t  recorder .  Front-face temperatures ,  f o r  compar- 
i s o n ,  were determined by ;1 platinum/platinum-13 pe rcen t  rhodium thermocouple 
molded f l u s h  with t h e  f r o n t  surface of the m a t e r i a l .  Heat r a t e s  were de t e r -  
mined by a 3-inch by 4-inch s t a i n l e s s  s t e e l  p l a t e  (0.062 inch t h i c k ) ,  coa ted  
w i t h  a lampblack-sodium s i l i c a t e  s o l u t i o n  t o  i n c r e a s e  a b s o r b t i v i t y .  
Two specimens, mounted s i d e  by s ide  i n  a fused  q u a r t z  holding device (Fig.  12)  
w i t h  an i n s u l a t i n g  block between, were eva lua ted  du r ing  each t e s t .  For some 
of t h e  t e s t s  a motion p i c t u r e  camera w a s  p o s i t i o n e d  t o  r e c o r d  t h e  e f f e c t s  of 
t h e  h e a t  during t h e  t e s t  durat ion.  The specimens were a t o t a l  of 0.250 inch 
t h i c k  when molded, i nc lud ing  0.062 inches of aluminum p l a t e ,  and w e r e  3- by 
4-inch r e c t a n g l e s .  
i nches  t o  p reven t  r a d i a t i o n  from reaching t h e  pane l  around the  s i d e s  of t h e  
specimen. Some s a u p l e s  were suppl ied by vendors as pre-molded s h e e t s ;  t h e s e  
The aluminum p l a t e ,  used as a backup, was 2-1/2 by 7-1/2 
were adhes ive ly  bonded t o  t h e  aluminum backup p l a t e  u s ing  a roou temperature  
17-17 
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cu r ing  epoxy adhesive.  
t he  qua r t z  lamps f o r  cool ing .  This a i r  c o n t r i b u t e d  t o  a s l i g h t  convect ive 
hea t  load  on t h e  samples,  b u t  t h e  v e l o c i t y  w a s  of such a l o w  va lue  a t  t h e  
specimen f a c e s  t h a t  it was not  measurable. 
r i s e  w i th  t ime of fou r  samples t e s t e d  under t h e  r a d i a n t  f l u x  load. 
During the t e s t s  a st ream of a i r  was passed over 
F igure  13 shows t h e  temperature  
The d a t a  r e s u l t i n g  from t h e  convective and r a d i a t i v e  t e s t s  c o n s i s t e d  of a 
r eco rde r  c h a r t  of t h e  back-face temperature r i s e  wi th  t ime,  a log of t h e  
f ron t - f ace  temperature  wi th  t ime and a de te rmina t ion  of t h e  weight change 
of t h e  m a t e r i a l .  From these  d a t a  a g r a p h i c a l  r e p r e s e n t a t i o n  of t h e  back- 
f a c e  temperature  r i s e  with time w a s  p l o t t e d ,  and t h e  p r o p e r t i e s  shown i n  
Table  I1 were determined. 
Heff  ) 
The e f f e c t i v e  h e a t  of a b l a t i o n ,  o r  h e a t  blockage,  
was c a l c u l a t e d  by t h e  fol lowing equa t ion :  
A 
To a s s i s t  i n  e v a l u a t i o n  of t h e  r e l a t i v e  use fu lness  of t h e  thermal  i n s u l a t i o n s ,  
a combination of parameters  was s e l e c t e d  which would r a t e  t h e s e  m a t e r i a l s  i n  
t e r n s  of back-face temperature  and t o t a l  mass r e q u i r e d  t o  l i m i t  temperature  
r i s e  of back f a c e ,  This  number, des igna ted  t h e  "Performance Index,"  is  a 
f i g u r e  of m e r i t ,  designed t o  show d i f f e r e n c e s  i n  m a t e r i a l s  no t  d i sp l ayed  by 
t h e  e f f e c t i v e  h e a t  of a b l a t i o n .  The equat ion  used t o  reach  t h i s  f i g u r e  i s :  
P I =  
4 o t  
A 
m 
- ,T m A f o  
a Tf mo 
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The performance index is proportional to heat flux rate, and time, and is 
inversely proportional to the weight loss during ablation, the temperature 
at the back face of the specimen at the end of the test, and the initial 
mass of the specimen. 
A suitable way of representing the ablative phenomenon is by the following 
equation: ( 4  and 5) 
- Qrr -I- Qb + Qp + Qg + Qk 
Qc + r 
Where : 
= total heat load, convective and radiative 
= heat reradiated from the char surface = fU Tw 
= heat absorbed by the "blocking effect" of gases 
= heat absorbed in pyrolysis = m 
= heat absorbed by gas passage through the char layer = [m r C 
Qc +r 
Qrr 
'b 
QP a P  
Qg " P  
4 
H 
(* = 
Qk = the heat conducted into the virgin plastic 
rr' Qb' It is desirable for an effective ablative to have a high value for Q 
Q, Qg, and to have a low value for Q 
that the factors of radiation from the surface char layer and the blocking 
effect may account for up to 70 percent of the heat of ablation. 
seems to be reinforced when reference is made to Table 11. The silicone 
resins, which, under these conditions of convective heat flux, form a lumi- 
nous, highly emmittive char layer, show very high comparative values of H 
Also, during ablation of the highly iron oxide-filled silicones, a chemical 
reaction takes place at the surface of the char layer resulting in reduction 
of  iron oxide to iron, (lo). 
It has been postulated (5 and 9) k' 
This fact 
eff 
Further, silicones tend to expand toward the 
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f lame,  wi thout  b e n e f i t  of a d d i t i o n  of a s p e c i f i c  intumesceiit agen t ,  r e s u l t -  
i n g  i n  h igher  temperatures  a t  t h e  s u r f a c e  of t h e  char .  The performance of 
s i l i c o n e s  i n  t h e  v a r i a b l e  h e a t  € lux  t e s t  i s  enhanced because of a h igh  sur- 
f ace  temperature  which i n c r e a s e s  r e r a d i a t i o n  and a h igher  h e a t  f l a x ,  which 
m o s t  i n v e s t i g a t o r s  (11 and 12) have found t o  inc rease  e f f e c t i v e n e s s  of 
a b l a t o r s ,  A marked d i f f e r e n c e  can be noted between t h e  perforinance of t h e  
a b l a t i v e  composites i n  convect ive and r a d i a n t  f l u x  environments. Th i s  i s  
appa ren t ly  due t o  t h e  l o s s  of a g r e a t  dea l  O €  t h e  "blocking e f f e c t , "  
which i s  presumed (5  and 9, t o  account  f o r  a t  l e a s t  20-30 pe rcen t  of t h e  
inc iden t  f l u x  reduct ion .  The low molecular-weight degrada t ion  p roduc t s ,  
which i ssue  as  gases  from t h e  char  l a y e r ,  a r e  somewhat t r a n s p a r e n t  t o  t h e  
i n c i d e n t  r a d i a t i o n .  
Qb 
A number of f i l l e r s  were eva lua ted  a s  p o s s i b l e  mcans of upgrading tlic pro- 
p e r t i e s  o €  t h e  commercially a v a i l a b l e  s i l i c o n e  and epoxy r e s i n s .  -hon iu i i i  
c h l o r i d e  which had been eva lua ted  p rev ious ly  as a s o l i d ,  ( 7 ) ,  appeared t o  
have the  h i g h e s t  heat  o€  a b l a t i o n  f o r  high f l u x  r a t e  t e s t s  (1 ,400  - 5,000 
b t u / f t  / scc . )  when compared t o  t e t r a f l u o r o e t h y l e n e ,  nylon,  and two commer- 2 
c i a 1  p l a s t i c  a b l a t i v e s ,  I t  a l s o  performed adequate ly  i n  i u r t h e r  t e s t s  ( 8 )  
as a f i l l e r  f o r  phenol ic  r e s i n s .  When used i n  conjunct ion  w i t h  s i l i c a  f i b e r s  
and potassium t i t a n a t e  o r  wi th  aluminum oxide ,  s i l i c a  f i b e r s  and "E" g l a s s ,  i 
approximately doubled t h e  e f f e c t i v e  h e a t  of a b l a t i o n  of t h e  base epoxy poly- 
amide r e s i n .  When used i n  conjunct ion  wi th  potassium t i t a n a t e  it a l s o  had 
a r e l a t i v e l y  h igh  performance index and e x h i b i t e d  a h a r d ,  t enac ious  char  
a f t e r  thermal t e s t i n g ,  a € a c t  which had n o t  been observed wi th  unmodified 
and some p r o p r i e t a r y  epoxy polyamides,  (Sample 5) .  The f i l l e d  m a t e r i a l  
17-22 
THERMAL INSULATIVE ELASTOMERS FOR C L U S T m D  
LARGE LIQUID PROPELLANT ROCKET ENGINES 
a l s o  r e f l e c t s  t h e  f a c t  o i  lower d e n s i t y  wi th  a performance index of over 
3 times t h a t  of t he  u n f i l l e d  r e s i n .  A s u b s t a n t i a l  i nc rease  i n  H is 
demonstrated by a t i t a n i u m  dioxide f i l l e d  epoxy (Number 13, Table IIa) 
when compared t o  t h e  u n f i l l e d  m a t e r i a l .  There i s ,  however, n e g l i g i b l e  
e f  f 
improvement i n  the performance index, probably due t o  the h ighe r  d e n s i t y  
of t he  f i l l e d  m a t e r i a l .  The d i f f e r e n c e s  i n  cha r  s t r u c t u r e  of t h e s e  t w o  
m a t e r i a l s  a l s o  he lps  t o  e x p l a i n  the d i f f e r e n c e s  i n  performance. The char  
formed on t h e  t i t a n i u m  dioxide r e i n f o r c e d  epoxy w a s  f r a g i l  and v e r y  poorly held 
t o  t h e  decomposing r e s i n  i n t e r f a c e .  A s t r o n g  t i g h t l y  he ld  char  as t h a t  
obtained wi th  the  epoxy f i l l e d  with ammonium ch lo r ide  and potassium t i t a n a t e ,  
allowed t h e  gases  t o  p e r c o l a t e  through the  h o t  l a y e r  and decompose t o  t h e i r  
lowest molecular weight and t h e i r  h i g h e s t  volume which i n  t u r n  thickened 
t h e  boundary l a y e r .  This t i g h t l y  he ld  char  maintained a higher  s u r f a c e  
temperature and r e - r a d i a t e d  a g r e a t e r  p o r t i o n  of t h e  i n c i d e n t  h e a t  back i n t o  
t h e  surroundings.  
The numerical  f i g u r e  of m e r i t ,  performance index ,  a l though u s e f u l  i n  evalua-  
t i o n  of m o s t  of t h e s e  m a t e r i a l s ,  must be approached w i t h  c a r e .  Two of t h e  
m a t e r i a l s  (Sample 11 and 21, Table IIa),  while n o t  considered h igh  performance 
a b l a t i v e s ,  showed extremely high values  f o r  performance index i n  t h e  cons t an t  
convect ive h e a t  f l u x  t e s t .  It can be n o t e d ,  however, t h a t  t h e r e  w a s  no v i r g i n  
m a t e r i a l  l e f t  ( t h e  sample burned through) and consequently,  t h e  flame was n o t  
always impinging d i r e c t l y  on a b l a t i v e  m a t e r i a l .  A l s o ,  t h e  performance index 
is  s e n s i t i v e  t o  t h e  d e n s i t y  of the t e s t  m a t e r i a l ,  which i n  t h e  case  of t h e  epoxy 
foam 
a l r e a d y  en la rged  because of t e s t i n g  t o  complete removal of m a t e r i a l .  
(Sample 11) i s  extremely low(36.3 l b / f t  3 ) f u r t h e r  d i s t o r k i n g  t h e  number 
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If the value for the epoxy-silicone (Sample 21) is compared to the dupli- 
cate test run value (Sample 7) a marked difference will be observed. 
are also wide differences in performance index evident in the variable 
convective heat flux tests. 
filled with iron oxide and chopped silica fibers (Samples 23 and 28), shows 
extremely high values of performance index when compared to the other mater- 
ials. 
particularly sensitive to the back-face temperature, which in these two cases 
approaches and exceeds 800 F. It is obvious that if this material were used 
at this thin thickness (.125 inch) that adhesion to its substrate would hate 
been lost much below 800 F. In these cases, however, the performance index 
is a more reasonable measure of performance than H 
There 
The room temperature curing silicone rubber, 
This anomaly is due primarily to the performance index's not being 
which is quite distorted. eff' 
Each insulation system has its own particular limitations and disadvantages. 
It is quite possible the factors which enhance the performance of many of 
thrse ablative composites in the torch tests may also serve to reduce their 
effectiveness. If the intumescent, strong, and highly emittive char surface 
which appeared on most of the high performance silicone elastomers is not 
firmly bonded to the virgin material, the char may be lost in gross chunks 
by the action of vibration and high velocity gases. 
materials will burn, and it is probable that the gases issuing from them while 
they are ablating are highly flammable. 
Also, most of these 
Of the various systems of insulation described, the foil-high silica fiber 
batting and the asbestos wire mesh composite are the only systems under 
active development. These two systems, as present tests determine, will be 
adequate in regard to temperature resistance, insulative ability, and gross 
weight addition to the flight vehicle. Neither these systems nor the ablative 
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or ceramic i n s u l a t i v e  systems,  however, have been t e s t e d  on a f l i g h t  v e h i c l e  
t o  t h e  cond i t ions  expected on t h e  Sa turn  V. If t h e r e  i s  a need € o r  an addi- 
t i o n a l  type of  i n s u l a t i o n  a f t e r  f l i g h t  exper ience  wi th  the  c l u s t e r e d  F-1 i s  
ga ined ,  Rocketdyne w i l l  be prepared t o  c a r r y  out advanced development t e s t s ,  
such as wind tunnel  and v i b r a t i o n  t e s t s .  
I wish t o  express  my a p p r e c i a t i o n  t o  t h e  io l lowing  person whose c o n t r i b u t i o n s  
of t ime and energy made t h i s  pub l i ca t ion  poss ib l e .  Ilr. Robert  Mowers, who 
p roof read ,  consul ted  and c a r r i e d  o u t  many ope ra t ions  which otherwise could 
not  have been accomplished. 
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Explanat ion of Symbols 
2 
A = f r o n t a l  a r e a  of t he  specimen, f t  
-2 2 
-2 2 
t h e  f r o n t a l  a r e a  of a l l  convec t ive ly  t e s t e d  specimens was the  same, 
2.18 x 10 f t  , t he  r a d i a n t  hea t  f l u x  t e s t  specimens had an a r e a  of 
8.33 x 10 f t  
Cp = s p e c i f i c  h e a t  of gas  Btu/lb F 
= hea t  blockage, Btu/lb IIeff 
II = h e a t  of  p y r o l y s i s ,  Btu/lb 
P 
2 
= h e a t  f l u x  r a t e  B tu / f t  /sec  A 
_&" = t o t a l  hea t  f l u x  Btu / f t  A 
m = weight of a b l a t e d  m a t e r i a l  
m = o r i g i n a l  weight ,  l b s  
t = t ime,  seconds 
Td 
2 
a 
0 
= decomposition tempera ture ,  F 
= f i n a l  temperature a t  end o i  t e s t  R 
= w a l l  temperature (char  su r f  a c e )  
Tf  
W 
T 
Greek L e t t e r s  
r mass f r a c t i o n  of s o l i d  converted t o  gas  
6 e m i s s i v i t y  
CJ Stefan-Boltzmann cons tan t  
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o r  ceramic i n s u l a t i v e  systems, however, have been t e s t e d  on a f l i g h t  v e h i c l e  
t o  t h e  cond i t ions  expected on t h e  Saturn V. I f  t h e r e  is  a need f o r  an addi- 
t i o n a l  type of i n s u l a t i o n  a f t e r  f l i g h t  experience wi th  the  c l u s t e r e d  F-1 i s  
ga ined ,  Rocketdyne w i l l  be prepared t o  c a r r y  out  advanced development t e s t s ,  
such as wind tunnel  and v i b r a t i o n  t e s t s .  
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Explana t ion  of Symbols 
2 A = f r o n t a l  a r e a  of t h e  specimen, f t  
-2 2 
-2 2 
t h e  f r o n t a l  area of a l l  convec t ive ly  t e s t e d  specimens was t h e  same, 
2.18 x 10 It , t h e  r a d i a n t  hea t  f l u x  t e s t  specimens had an area of 
8.33 x 10 f t  
Cp = s p e c i f i c  h e a t  of gas Btu/lb F 
= hea t  blockage, Btu/ lb  
I'eff 
I1 = h e a t  of  p y r o l y s i s ,  Btu/lb 
P 
2 
= h e a t  f l u x  r a t e  B tu / f t  /sec  A 
&0 = t o t a l  hea t  f l u x  B tu / f t  A 
m = weight of a b l a t e d  m a t e r i a l  
m = o r i g i n a l  weight ,  l b s  
t = t ime,  seconds 
Td 
2 
a 
0 
= decomposition tempera ture ,  F 
= 
= w a l l  temperature (char  s u r f a c e )  
f i n a l  temperature  a t  end o i  t e s t  R 
Tf 
W 
T 
Greek L e t t e r s  
r mass I r a c t i o n  of s o l i d  conver ted  t o  gas 
6 e m i s s i v i t y  
u Stefan-Boltzmann cons t an t  
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The front-face temperature o r  "brightness temperature," as graphically 
portrayed on Figs. 8, 10, 12, and 13, are the temperatures as measured by 
an optical pyrometer and not the true temperature at the surface. Investi- 
gators have attempted to estimate the true surface temperature by measuring 
the surface brightness temperature of the material and assuming a value f o r  
emissivity (' 
value assumed has ranged from 0.4 t o  0 . 8 ,  but, because of the possibility of 
widely differing surface temperatures, depending upon the emissivity of  the 
charring material, the surface brightness temperature is recorded as the 
surface temperature. 
13), a method which admittedly is inadequate. The emissivity 
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